The article discusses the payment for ecosystem or environmental services markets in Brazil with a critical review, based on the ecological economics literature and focused on the concept of co-evolution. It is argued that the mainstream approach which considers ecosystem services as an externality has many shortcomings and fails to consider institutional and political aspects-all very critical for the design and implementation of a PES (Payment for ecosystem services) project or program. The complexity and the diversity of co-evolutionary relations between ecosystem services and socioeconomic activities are spatially or territorially specific. In this sense, different types of PES market have to adapt and coevolve with different ongoing development processes.
Introduction
 PES (payment for ecosystem or environmental) markets are gaining ground in the world in the aftermath of some success cases as the PES program in Costa Rica and New York City Project of watershed protection (Catskill, Delaware) in the 1990s.
In Brazil, private regulated projects (CDM (clean development mechanism)) gained some relevance with 276 projects and the third major CER (Certified Emission Reduction) activity, but public projects or programs are still training/preliminary/incipient, in spite of the efforts made in the regulatory discussions.
Two other significant decisions at the UNFCCC (United Nations Framework Convention on Climate Change), the ratification by Member Parties of the CDM (Clean Development Mechanism) of the Kyoto Protocol in 2005, and more recently, the decision to create a UNREDD (United Nations Program on Reduce Emissions from Deforestation and Degradation) in developing countries, exacerbated the interest in the development of a meaningful PES market in Brazil. This paper tries to contribute to the debate by focusing on a multidisciplinary and empirically responsive approach rather than the over-simplistic "internalizing externality" approach.
In the second section, the shortcomings of the concept of externality and its limitations to seize the real value of ecosystem services and the usefulness of the notion of ecological infrastructure are examined.
The third section will address the concept of co-evolution applied in the PES markets development and its territoriality.
institutions and the market [1] [2] [3] . In this way, the relationship between nature, ecosystem services, economic system and well-being [4] is important to acknowledge simultaneous dynamics and the mechanisms generation of services of natural capital, if they are tangible or not.
In order to assess how valuable these ecosystem services are, a group of scientists joined and contributed to a United Nations program called Millennium Ecosystem Assessment that produced a report classifying them in four categories [5] .
The first one is the provisioning services that can be understood as services obtained from ecosystems, such as water, firewood, energy resources, foods, etc..
The second category is the regulation services, such as climate regulation, diseases control, natural hazards, biological etc.). The assessment of this kind of service can be done by the analysis of ecosystems capacity to regulate given services (indirect form) and not by its production, such as the provisioning services.
The third category is the cultural services. These services are those based especially on religious and spiritual questions/issues, aesthetics and inspiration, educational, recreational, among others. So, these services are closely linked to institutional values and social patterns, making the assessment difficult.
The fourth category is the supporting services that are mainly related to the production of oxygen, the soil formation and nutrient cycling. These services are important for the production of other ecosystem services and indirectly affect the human being. In addition, these are the services most related to the long run impact.
In sum, ecosystem services are defined as direct or indirect benefit (tangible and intangible) that the human being can use from the functioning of ecosystems [6] .
For Costanza et al. [7] , the "services of ecological systems and the natural capital stocks that produce them are critical to the functioning of the Earth's life-supporting system". These ecosystems vital functions make them entirely part of the economy and not something external. So these services have economic value on their own, although only part of them are not priced and valued in any market, but they are parts of what is known as common or public goods.
The economic benefits from ecosystems as provider of valuable services supporting the production and consumption of economic activities, determines (co-evolutionary) relationships that can be "mutually cooperative, but also competitive, parasitic, predatory or dominative" [8] . When these relationships are cooperative, economy and ecological systems evolve in a mutually supportive way and if the social actors are equal beneficiaries of the process, they can be considered sustainable. On the other hand, when these relationships are of a different nature, ecosystems may be harmed, degraded, depleted and the economy may reduce activities and benefits. On the latter, ecosystems can be considered a natural ecological infrastructure supporting economic activities in many ways.
In an attempt to respond to the challenges imposed by predatory, competitive, parasitic or dominative human activities, theories and practices of sustainable projects appear in the specialized literature. Sustainable development became the focus of the analysis, as the current land use practices, waste disposal, pollution, production of energy and consumption are of great concern. In this context, the term ecological infrastructure appears, generally also referring to the services provided by natural ecosystems (purifying water by forests) as the nature constructed by man in the ecosystem. Urban parks, for instance, are constructed by man and help regulate local people's climate [9] .
In this sense, the concept of ecological infrastructure 1 is based, according to Smith and Other studies as the one of Esteves et al. [13] , Takano et al. [14] , Tanaka et al. [15] , Payne et al. [16] , Hartig et al. [17] , Wells [18] , Korpela and Hartig [19] , and Kim and Kaplan [20] sought to show the relationship between ecological infrastructure and human well-being. An important result observed is that a good ecological infrastructure contributes to the improvement of the quality of life of the population. In this sense, an improved consciousness about the economic, social and environmental effects of the real human lifestyle must be a priority in the agenda of any government.
Lastly, to understand ecological infrastructure as a search for natural alternatives to the energy inflows (wind, sun, water and of nutrients that constitute a biomass) and the guarantee of minimization of the environmental effect caused by the outward flows in the ecosystem, is of extreme importance. The main idea of this concept is to create new productive cycles to soothe the polluting potential of human activity, and this depends, mostly, on the consciousness and dedication of economic agents [23] .
Relating this concept of ecological infrastructure to the ecosystem services market (discussed in Section 4), the payment of the costs incurred by farmer or other economic agents for the conservation, restoration, regeneration of degraded or damaged ecosystems, can be considered an economic investment. Degraded natural systems normally take time to recover their functions and provide the same flow of services as before the degradation. This long recovery period of natural systems is consistent with the idea of economic investment and payment over a long period of time.
Ecosystem Services as Externalities
The concept of externalities was taken from the works of Pigou [24, 25] and Coase [26] . For these authors, to solve environmental problems in an optimal way requires solutions that create conditions for free functioning of the market. In this sense, the definition of property rights (concept defined by Coase) is one of the main measures enabling efficient solution when environmental externalities are considered.
An externality exists when production and consumption activities of a firm or individual affect the production function of another firm or the utility of another individual; this means that the conditions of an allocation of Pareto-optimal resources are violated. This effect does not manifest via prices, but from the effect on utility or in the profit [1] .
When it is possible to define who is responsible for an environmental damage, a punishment is applied (as long as it can be measured in terms of values) according to the imputed damage. This punishment can be made through enforcement of tariffs by the State (Pigouvian tax).
Pigouvian tax works as a marginal cost of pollution control of a marginal cost of environmental impact. The polluter knows that he/she will be obliged to internalize the damage caused through the payment of corresponding tariffs. This implies that it is admissible to calculate the values of environmental goods and services from the marginal curve of environmental degradation. In this sense, each agent will seek to solve his problem of optimal choice by minimizing his total cost, that is, the cost that results from the addition of how much he will spend to control pollution (control cost) with an amount to be spent with payment of tariffs for the pollution (degradation cost). This implies that the utility of future generations has to be as good as the present utility. The model tends to the equilibrium and the point of equilibrium is named as optimal pollution [25] . Therefore, this equilibrium model is not capable of determining what is optimal for future generations. The determination of optimal levels of the use of natural resources presents other difficulties, given other characteristics, such as excludability, rivalry, congestion ability and reversibility. Excludability shows the possibility of exclusion of some persons from the use of these goods. Rivalry (goods are considered rivals if the use of a unit by a person prohibits the use of the same unity by another person) hampers the use of resources for later use. Furthermore, this discussion relates to the possible scarcity for future generations, in case the present generation has a predatory behavior. Congestion able goods are those with non-rival behavior up to the point in which they are exhausted, behaving afterwards as rivals. Lastly, irreversible are those resources that, after its use and degradation, the return to the previous conditions, when possible, are extremely slow.
These characteristics, besides showing that to find optimum environmental values is not an easy task, suggest also that the environmental economic valuation methods do not consider all services and functions of natural resources, and, therefore, their actual value are not measured.
Adding to this internal criticism to this view of ecosystem services as externality, other radical criticisms arise from ecological economists.
For Daly and Cobb [27] , for instance, "when vital questions (as ecosystem services) (e.g. the capacity of support of life) has to be classified as externalities, it is time to restructure the basic concepts and start with a set of different abstractions that can comprehend what was external before." As such, the authors refuses the abstraction of "externality" as a concept capable of explaining the complex relations of ecosystem functions with the economic facts, given the fact that the first is an external phenomena to the latter.
Daly and Cobb [27] criticize the "laws of nature" formulated by classical economists as "fictitious nature in fictitious circumstances" an abstraction totally out of the social and the physical worlds. Economic activities that produce goods and services for consumption also produce pollutant gases, solid and liquid wastes, and these produce are not something abstract as "externality". Wanted or not, these undesired produce of the economy are the outcome of a well-established production process and is only considered as a public good by convention. The effects on society as a whole, to the fauna and flora by harming them in many ways are, by convention, considered as public liability. Only when the affected parties (public agents, communities) manifest their discontent, for instance, establishing rules or norms for control emissions, polluters react by paying the cost of compliance.
Payment for ecosystem services is the reverse of the above argument. In this case, the economic agent asks for a compensation for a clearly defined positive externality that produces, in the course of economic activity, a benefit to others. Once properly valued, the service provided can be priced and paid by the service owner. The transaction between provider receiver and beneficiary payer constitutes a single market, but in
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Co-evolutionary Approach and the Territory
The co-evolutionary analysis of socioeconomic and environmental relations is the proposal elaborated by the "paradigm of the alive", recognized in evolutionist and institutionalist theories, which has as basis the Darwinian evolutionary theory. According to Faucheux and Noel [28] "the evolution is a process of transformation in complex systems through the selection of transmissible traits," they are genetic or cultural traits. Therefore, by evolution, new biological organisms, organizations, institutions and/or technologies can be introduced in the social world [29] . In biological terms the evolutionary variation has a more accidental character, through mutation, and in social terms, the variation occurs in a guided way, through intervention strategies.
Acoording to Froger [30] the concept of coevolution was "(…) of biological origin designates in the beginning a process of evolution based on the reciprocal interaction of species". This concept was extended to interactions of socioeconomic and ecological systems. "Two systems coevolve when they both evolve in the above indicated sense and they have a causal influence on each other's evolution" [29] .
In these terms, the hypothesis of circular interdependence, elaborated by the institutionalists, presents convergence with the co-evolutionary thinking. In the circular interdependence, the interference that economic activities have on natural environment reflects on them. So, the socioeconomic system has impacts on the environment because resources are extracted and emit wastes, which alter the environment in a more or less irreversible way. And, as the environment has feedback relations (form cumulative causality chains) with socioeconomic system, an alteration in the first consists in interference on the second [30] .
Kallis and Norgaard [29] make a conceptual disruption, presenting five types of coevolution, namely:
 Biological coevolution: refers to the reciprocal evolution between two or more species interacting;  Social coevolution: it is the reciprocal evolution between two or more social systems;  Gene-culture coevolution: interactions between cultural and biological evolution of human species;  Bio-social coevolution: are reciprocal influences between the social evolution and biological evolution;  Socio-ecological coevolution: refers to cases in which the evolution in the social system affects the physical bio-environment, which in turn affects the evolution of the social system. This disruption, in spite of not bringing about all possible interactions, as highlighted by authors, allows perceiving how the nature/society relation is translated in different forms of co-evolution (Fig. 1) .
According to Norgaard [31] , in this logic, the understanding of the world comes with the perception of evolutionary processes as unforeseeable, in which value systems evolve in time in response to changes in natural and social systems. In this context, technology is the element that transforms them, considered as non-neutral. Knowledge systems are contextual, evolving in the context of values of organizational and technological systems and different cultures have different knowledge that is functional in the context in which they have evolved.
The representation of systems in Fig. 1 shows symmetry between systems, as this allows to portrait the process as evolutionary, incorporating a dynamic in which each system is affecting and changing the evolution of the other. According to Faucheux and Noel [28] , this co-evolutionary process shows an interdependency between society and nature, which on the one hand can lead to breaking the fundamental equilibriums, threatening the reproduction and regulation of ecological system, generating a new state. On the other hand, the relationship can mean an opportunity and the opening to new forms of economic organization, such as a technology that generalize the use of solar energy. "The invention and the innovation appear as sources of neguentropy and manifest through technical progress". But it is necessary to take into account the "uncertainty linked to eventuality, and the phase of transition, which can make irreversible alterations of the ecological system" [28] .
Therefore, on the basis of the understanding of the co-evolutionary process between systems, two inferences can be made. One of them refers to the duality between environment and economy, which is disrupted because this is an interaction belonging to the same process of construction of relative space. This relative space, also called social space, is constructed from the historically developed form in the absolute or physical space [32] .
The second inference is the importance of the local geography study, as the outcome of a proper social formation, represented in economic, political, cultural elements, and of a particular physical formation, such as biodiversity, the soil, climate, relief, and other physical geography elements. It means to understand how the co-evolutionary process occurred within this relative space, from their specificities. That is "the effort is centered in the ability to guide the historical apprenticeship, in the way to make compatible the environmental politico-institutional, socioeconomic and cultural characteristics within different eco-social systems" [33] .
The time and space dimensions are prone to modify and specify, within history, the interaction between environment and socioeconomics in different interactions. As an example, we have "(…) the content of what we call resources historically change and depends as much from the evolution of environments as of evolution of technical possibilities, of the nature of social needs and of the economic conditions" [34] .
In this context, the concept of territory is restored. Initially this concept is mixed with the politico-managerial division, in the Ratzel's conception, in which the State was the only core of power. According to Becker [35] , from this Ratzelian view, "the territory emerges as a fundamental notion: the concrete expression of political units in space, the territory defines the physical existence of juridical, managerial and political entity, the State". One can highlight that this relationship between the State and the Power express themselves through apparatuses within the territory, responsible for controlling the existing population and resources. This power is visible to the observant, causing the impression that it is unique. However, there exists a multiplicity of powers, because "the power is an intrinsic part of all relationship" [36] . But, this form of power is more difficult to detect, for presenting as state of power, therefore, they are local and unstable.
The organizations and individuals are always acting in space, either in the construction of networks or in the simple construction of a house. They are carriers of energy and information, elements constituent of power. Therefore, beyond the State, other forms of relations, present in organizations and individuals, produce the territory, "All of us elaborate strategies of production, which shock with other strategies in many relations of power" [36] .
There is no way of denying the multidimensionality of power, proved by the action of many social actors, which by means of conflict or convergence establish strategies in different spatial scales, capable of altering their structures, shaping relative spaces, with specific characteristics. According to Becker [35] , the space is a constituent instance of social reality, a concrete material dimension of social relations.
In this context, the territoriality assumes a fundamental role in understanding, "(…) as reflects the multidimensionality of territorial lived by members of the collectivity, by the society in general" [36] . That is, the territoriality is the expression in space of a system of relations between actors, they are existential or productivist, altering the relations with nature and with the social, at a given moment and local, in order to meet their needs.
Therefore, it is in the territory that the interactions of socioeconomic environmental systems are expressed, in a co-evolving process. In spite of exogenous interference, recognized by the existence of multi-scale relations, the territorial environment remains an important co-evolutionary trajectory, as it continues to drive the results of new introductions, perhaps with less power, in the presence of globalized events impact [37] .
In this sense, as environmental or ecosystem services are understood as a necessary part of society, the construction of a PES markets reflects the recognition by the latter that the exhaustion of these services affect the economy. The way these markets materialize is determined by the specificity of each territory, as argued above, is resulted from the co-evolutionary process.
How PES markets are constructed in Brazil is the subject of the next section.
Payment for Environmental Services Markets
Construction and Rural
Development in Brazil
This section tries to comment on how PES markets are being constructed in Brazil and the other two, how are they related to rural development and the theoretical framework are developed.
PES Market Types-Constraints and Territorial Links
Market in this text is used in a broader sense, ranging from a single deal expressing transactions between providers of environmental services and one or many different beneficiaries established in a given project, to public programs establishing incentive payments for ES providers of any sort.
In the current literature [38] , there are attempts to classify these markets according to the recurrent characteristics of projects and programs implemented. Although arbitrary as any classification, it helps clarify the complex nature of these markets because of the diversity of projects and changes these projects are subjected to. These changes happen already in the phase of design and proceed after the implementation, showing the difficulties of adapting the simple market minded project design to the local, territorial, social,
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institutional and political aspects involved. PES specialists, either from environmental or ecological economics tradition, insist on the complexity of project design and condition alities of all sorts, but stress some key points, generally referred to as institutional or transaction costs issues. Information, social embeddedness, rules and norms, time and spatial scales, property rights are the most emphasized. From a purely economic standpoint, how to control the ecosystem and communities relationships that changes overtime, i.e. co-evolve in cooperative or competitive, conflicting way, means high risks of leakage or failure in measurement, reducing or completely spoiling the project. In this sense, the stricter rules are or the market regulated is, the less risky and profitable is the project. This is why private investors are asking for more regulation by the government or by other environmental authorities. This is the case for the Brazilian national policy law project in Parliament (PL 792/2007), which establishes the National Policy for Payment for Environmental Services [39] . With these initial comments, the authors will now examine more closely some cases in each type of market. These markets can be classified as public, private regulated and private voluntary.
• Public: programs administered by state or federal government, using public funds for the payments to landowners for the provision of a specific or bundled environmental service. Relevant examples of public programs or projects are:
(1) Proambiente Proambiente is a rural development program supported by the government, in the form of technical assistance and payment for environmental services of agroecological practices of production provides. This program has its roots in social movements from the Amazon region and is implemented in seven territories called pilot poles, with the participation of 2,364 rural families of which 1,768 have received payments rewarding their good ecological practices. The government pays a differentiated amount according to the project design for the maintenance, restoration and recuperation of riparian and hillside forested area. Priority is given to smallholders.
(4) Extrema/PCJ Project. This project is intended to restore watersheds suppliers of the Cantareira system of water provision for the large metropolitan area of São Paulo of 8.8 million inhabitants. Of the seven watersheds of the project, the first implemented is located in the municipality of Extrema. At least five state and private institutions were involved directly in the design and implementation of the project, with the funding coming from the FEHIDRO (Fundação Estadual de Recursos Hídricos) and the Comitê PCJ (Piracicaba-Capivari-Jundiaífunds).
• Private regulated: projects oriented by specific rules and norms for the design and transaction.
(1) CDM (Clean Development Mechanism) Brazil is a non-Annex I country entitled to develop CDM PDD (project design documents). Project activities developed so far (2011) amount to 273 approved by the Brazilian Designated Authority (CIMGC (Comissão Interministerial de Mudança Global do Clima)). Project activities are mostly concentrated in three areas: renewable energy (52.3%
of projects and 40% of emission reductions), waste disposal embankment (7.6% of project and 23.5% of emission reduction), N 2 O reduction (1% of projects and 12.2% of reductions). Brazil is the third major CDM market, after China and India. certification is known as Organic Quality Guarantee Control Mechanisms. These mechanisms are: (a) certification; (c) participatory guarantee system; (b) direct sale social control system agricultural census data estimated 90,497 farmers producing organic products, of which, there are 30,168 in annual crops (soybean, sugar, and rice) 38,014 mostly in milk, beef and honey production, and 9,557 in permanent crops (coffee, cocoa).
• Private voluntary: projects driven by business for financial or ethical (corporate social responsibility) motivation, sometimes associated with public interest (conservation of public estates, such as parks, ecological reserves, forest easements).
(1) JUMA Project This is a REDD (reducing emission from deforestation and degradation) of the RDS (sustainable development reserve). In this category of reserve area, dwellers are allowed to use sustainably the forested lands. The project area is 589,612 ha of Amazon rainforest next to the BR-319 road, the main factor of deforestation pressure. The Marriot International hotels network is financing with the annual investment of US$500,000, inviting guests to pay US$1.00 a day rate to neutralize carbon emissions.
(2) Bolsa Floresta (Forest Grant) of the Amazonas State This is the first internationally certified voluntary project for the maintenance of environmental services provided by tropical forests, reducing deforestation and valuing standing forest. It offers four lines of activities: (a) incentive to sustainable production; (b) investment in health, education, transportation and communication; (c) strengthening local associations and social control; and (d) payment of R$ 50.00 monthly for environmental services of emission reduction by deforestation.
(3) Extractivist Products They are goods produced or collected as a result of services derived from the improvement or conservation of forest ecosystem. There are a number of non-timber forest products, constituting today a growing market. To name some of them: copaiba, açaí, buriti, carnauba, pequi, rubber, Brazil nuts, babaçu and piaçava. Açaí, for example, is one of these foods internationally consumed due to its energetic properties. The state of Pará produced 101,375 t in 2009 and is by far the largest producer in Brazil. From the total, 30% goes to the national market and 10% for the international market.
From this quite rapid description of the Brazilian PES markets we can see the diversity of projects and programs, classified in three broad types but with little common ground for analysis, even in regard to what payment means in each type. What is relevant is that all of them have its roots in the benefits different ecosystems bring to local and global societies, and the mechanisms one has to develop from the design to implementation.
Even if we consider the valuation studies as an important element in the design of the project, which is already of a complex task of seeking relevant information, this is only an initial path. In the case of the elaboration of a PDD (project design document) eligible for CDM, the major task is to measure the amount of greenhouse gases reduced in a period of time. The price of reduced carbon equivalent per ton is already given by the carbon market.
Political and institutional aspects of this market are another mined ground for important issues. Transaction costs linked to the establishment of the governance of the project rebounds on economic or political interests linked to territories. Indigenous people demanding their political recognition for the stewardship of the forest; see the PES market as a possible way. The Amazonian governors look for assistance for financing the conservation of the largest tropical forest in the Planet, and are seeking the carbon voluntary market as one source. Local project arrangements have to meet the interests, not only of those landowner providers of environmental services
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and beneficiary payers, but also the interests of local politicians and communities. These complexities of project development require the establishment of social and institutional connections in that specific territory. At this point, the connections with social and economic policies, and corporate and communitarian interests in the territory are imperative.
The territory with ecosystem services and societies is mostly rural spaces.
In the range of rural spaces, the man/nature relation is profound, creating co-evolving production and consumption relations, resulting in a hybrid of labor and nature.
The productive process of rural economy is dominated by the industrial modernity, in the attempt to incorporate innovations in the fields of genetics, of chemistry, of physic-mechanical, and more recently of bioengineering and informatics. Goodman et al. [40] offer a theory called substitutionist and appropriationist processes of domination of nature, where discrete parts of rural production process is transformed to industrial processes. The main problem for industrial substitution, possibly insoluble, is how to substitute photosynthesis in the primary production of biomass from solar energy, source of lives of all species in the Planet. The industrial appropriation and substitution of rural processes greatly changed Brazilian rural economy, producing on the one hand, a modernized, highly industrial technology intensive sector and on the other hand, a partially modernized peasant or family farming sector.
In this sense, one must recognize the co-evolutionary process in rural space, intermediated by the technology, and resulting in different rural territories. This is because the responses of all interactions are not equal for different localities. On the one hand, the non-neutrality of technology resulted in social (exclusion of smallholders) as well as environmental impacts (soil degradation, silt-up of rivers, and contamination by pesticides). On the other hand, there is a growing understanding that nature is not only a source of raw material, but it provides a continuous flow of environmental goods and services and that there exist an incommensurable stock of natural value affecting directly the welfare of people.
This co-evolutionary dynamics is also rooted in the form of reciprocal and active interaction between the rural and the urban. According to Veiga [41] , this co-evolutionary process produces alterations in the rural-urban relation, which can be expressed in three basic patterns. First, the rural is responsible for the production of primary goods for the cities. Second, the rural shows different degrees of industrialization, and become a provider of manufactured goods. Third, the rural become a service provider, linked to the environmental services such as tourism, radical sports, country homes, health care facilities and others.
These patterns are chronologically and spatially independent, i.e. in a given rural space they may co-exist, establishing all sorts of interactions, either in cooperative or conflicting manner. This kind of dynamics explains a co-evolutionary process where the primary goods provider pattern may remain persistently as such while others may evolve to the second and third pattern, without any hierarchical sequence. This gives local specificity and historicity to the co-evolutionary process of interactions between socioeconomic and ecological systems, materialized in territories.
From this understanding, each locality offers different types of environmental services and consequently, different types of PES, as mentioned above. An example of this relation is the city of Extrema-MG and the state of São Paulo where a co-evolutionary form of appropriation of space demanded a construction of a public arrangement of PES, capable of providing a specific service of clean and abundant water to the city of São Paulo. Another example is the ecological state tax (ICMS (Impostosobre Circulação de Mercadorias e Serviçosecológico)), another type of PES, based on
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in Brazil-A Co-evolutionary Approach 286 the principle that the municipality with higher performance in the activities of environmental conservation and protection may receive a supplementary share of the ICMS tax, taken from the less performing municipalities. In food production, the agro-ecology system is recognized as a sustainable form of integrating socioeconomic and physical systems, enabling the maintenance or enhancement of environmental services provided by nature, in contrast to the modern industrialized mono-cropping system. In terms of PES, the market recognizes agro-ecological products as beneficial to the environment and to the consumer's health who are voluntarily willing to pay a premium price for them. Organically certified foods and fibers production are growing faster than any other products in the market worldwide. According to Scialabba [42] , using FAO (Food and Agricultural Organization) data, it was estimated that, in the period 1995-2005, the growth rate of production was between 15% and 20%, while conventional crops production growth was about 4% to 5%. In Brazil, reliable data started to be produced by IBGE in the 2006 Agricultural Census when, for the first time, the information about organic products and producers were surveyed.
Interestingly, not only the certified organic products market, but other agro-ecological products such as natural foods and fibers collected from native forests are gaining grounds in different markets. From uncultivated forests and woods, many natural products gained national and international market, such as açaí, pupunha palm heart, Brazil nuts, including some ingredients for pharmaceutical and cosmetics industries.
Apart from these two well-established markets, a growing number of family farmers, most of them excluded from access to industrial inputs and financial resources, which are developing agro-ecological production practices, such as agro-forestry production systems, natural fertilization and pest control systems, crop rotation and other environmentally sound practices. The advantage of low monetary costs of production-relied mostly on local resources, on local variety seeds and the family's own workforce-is not compensated by immediate production growth, but is slowly yet consistently rising. The timing for this agro-ecological conversion varies according to the level of degradation of the agro-ecosystem due to years of mining practices or the use of agrochemicals of traditional or modern technologies.
A degraded ecosystem means that environmental services flow that keep productivity high reduce as natural functions of water regulation, nitrogen cycling, biodiversity, plant pollination and others, are affected. Agro-ecological practices are meant to reverse these ecosystems functions and let environmental services flow back to normal or become better. Therefore, this agro-ecological transition can be more or less costly, depending on the state of degradation of the ecosystem.
Conclusions
Payment for ecosystem services markets derive from a very complex web of relations, only partly captured by the over-simplistic utility function of consumption of externality concept. Instead, it is argued that a co-evolutionary approach should be considered, in order to understand the complex ecosystem-society relation that is established in a given territory where PES markets are constructed. In the co-evolutionary process of construction, economic activities developed in strict interaction with ecosystem functions to produce goods and services, but also destruction or degradation of ecosystem functions. The restoration and improvement of ecosystem functions and services can be seen as economic investment in ecological infra-structure, instead of payment for consumption of ecosystem services.
PES markets are necessarily territorial, where nature and society are organized and co-evolve. In the territory, the co-evolutionary process of production of spaces links economic, social, cultural, political and ecological factors, explaining historical (time) changes. In rural areas, economic activities and technologies, for instance, can produce contradictory changes, either cooperative or conflictive ones, in terms of generating or destructing ecosystem services.
In sum, the development of PES markets in Brazil would be better understood with the co-evolutionary approach.
